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marketing culture, the ready availability of food, and a physiology that may well have evolved to deal with conditions of relative scarcity conspire to make us eat toward obesity. Piecing together the many different factors that influence eating behavior, from peripheral signals to motivated behavior, is of substantial interest to clinicians and, of course, food-marketing companies.
The discovery of leptin and its receptor in the early 1990s precipitated substantial research into the complex network of neuropeptide pathways that promote or inhibit feeding, focusing on what appears to be the central feeding executive, the hypothalamus. Cognitive neuroscience has also seen considerable progress in delineating the network of cortical and subcortical brain areas that solve the problem of how a hungry animal learns to find food in its often uncertain and changing environment. In a recent paper in The Journal of Neuroscience (Petrovich et al., 2005) , the authors demonstrate a link between these learning paradigms and the hypothalamus.
Their study employed pavlovian appetitive conditioning, in which animals learn to predict the occurrence of food when presented with an environmental cue with which it was previously paired. The apparent simplicity of this procedure betrays a somewhat more complex set of underlying processes. According to contemporary models (Dickinson and Balleine, 2002) , pavlovian learning involves direct and indirect pathways ( Fig. 1) : a direct pathway, by which animals learn that something of certain reward value is imminent, and an indirect pathway incorporating a more specific representation of the future reward. This latter pathway displays sensitivity to motivational state: a cue that predicts food elicits a greater response when an animal is hungry than when it is not. Importantly for obesity research, pavlovian values acquired when an animal is hungry often retain some capacity to increase feeding when the animal is subsequently sated (Weingarten, 1983) . Here, the authors investigate the increase in free feeding that follows presentation of the pavlovian cue, a phenomenon termed "conditioned potentiation."
The authors show that the expression of conditioned potentiation relies on neural projections from distinct amygdalar nuclei and orbitomedial prefrontal cortex to the lateral hypothalamus, a key center for the initiation of feeding. The authors neatly combined retrograde tracing techniques to map projections to the lateral hypothalamus, with immediate-early gene expression to identify neurons functionally involved in conditioned potentiation. Rats were trained to predict the occurrence or absence of food using pavlovian auditory cues following a period of food restriction. The following day, the retrograde tracer Fluorogold was injected into the lateral hypothalamus, and animals were given ad libitum access to food until behavioral testing 2 weeks later. On the day of testing, the sated rats were again presented with each of the original pavlovian cues in sequence. As expected, the rats consumed substantially more food pellets in response to the food predicting (CSϩ) cue compared with the no-foodpredicting (CSϪ) cue [Petrovich et al. (2005) Immediately after behavioral testing, the authors identified Fluorogold-stained neurons in several key areas, including the amygdala and orbitofrontal cortex, thus identifying neurons that project to lateral hypothalamus. To identify neurons that were selectively involved in the expression of conditioned potentiation, the authors tracked mRNA concentrations of two immediate-early genes that show different temporal expression patterns: Arc, the activity of which peaks at 2-10 min after neuronal activation, and Homer1a, which peaks at 25-35 min. These expression patterns coincided approximately with each of the order-randomized cue presentations during the behavioral test. Thus, by examining the relative concentrations of each mRNA, they were able to infer whether neurons were selectively activated by the CSϩ or CSϪ cue. Neurons in basolateral and basomedial amygdala, and orbitomedial prefrontal cortex were selectively activated by conditioned potentia-tion, and projected to lateral hypothalamus [Petrovich et al. (2005) , their Fig. 4 (http://www.jneurosci.org/cgi/content/ full/25/36/8295/FIG4)]. This evidence indicates that these pathways are functionally involved in this cue-potentiated feeding during satiation.
These results provide a key functional anatomical link between rewardmotivational systems in the amygdala and prefrontal cortex with the hypothalamus, and illustrate the importance of traditional learning paradigms for obesity research. Indeed, pavlovian learning provides a fundamental building block from which a rich and diverse set of behaviors is likely to be generated (Dickinson and Balleine, 2002) . Beyond conditioned potentiation, for example, recent theories of decision making rely critically on pavlovian values to guide basic action selection, a fact reflected in the success of advertising symbols in frequently persuading us to eat more than we need.
What is being encoded by the projections from amygdala and orbitomedial prefrontal cortex to the hypothalamus remains to be established. For example, do these connections convey a nonspecific reward signal that blindly increases appetitive behaviors, or is this a far more specific signal relating to specific properties of the anticipated food? One way to resolve this would be to further manipulate the motivational state, and hence specific pavlovian values, at the time of testing. For example, animals could be trained and tested in the context of specific satieties such as for fat or salt. This information would seem unlikely to project unidirectionally, because sensory specific state information, presumably computed in hypothalamus, modulates the encoding of reward value in orbitofrontal and amygdala networks. It would also be interesting to know whether these pathways are involved in reinforcing the learning of instrumental behavior, particularly in the context of theoretical models of action selection (Dayan and Balleine, 2002) .
Finally, the authors mention a trend toward an opposite pattern of activity in the central, compared with basolateral and basomedial, nuclei of the amygdala. If significant, this may relate to an aversive representation relating to the frustration of food omission, an idea that has substantial merit in the context of opponent models of conditioning (Solomon and Corbit, 1974 ). An attractive way to explore this further would be to assess projections to the hypothalamus that might be involved in conditioned suppression, by replacing the pavlovian outcome with an aversive food in the training period. Such approaches might conceivably have some therapeutic value in reversing the weight gain that afflicts so many. 
